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Red and Bonita Mine Bulkhead Construction 
Requirements and Specifications 

Prepared for the United States Environmental Protection Agency 
by 

The Colorado Division of Reclamation, Mining and Safety 
Inactive Mine Reclamation Program 

PROJECT LOCATION 

The Red and Bonita Mine is located on the east side and approximately 200 vertical feet above 
Cement Creek, ten miles north of Silverton, in San Juan County, Colorado (Figure 1 ). The site is 
accessed from Silverton via County Road 110, north 6.4 miles to County Road 52, then County 
Road 52 northbound along the east side of Cement Creek to the Red and Bonita Mine. 

WORK SUMMARY 

The project work will involve construction of a hydraulic bulkhead in the Red and Bonita adit. 
Bulkhead construction will consist of ventilation of the working area of the mine to minimum 19.5 
percent oxygen at all times (vent bag has been installed to the bulkhead location), mucking out 
sections of the ad it, coffer dam construction, bypass pipe installation, cleaning and scaling at the 
bulkhead location, inner and outer bulkhead form construction, placement of concrete in formwork, 
and bulkhead contact grouting after the concrete has cured. The PROJECT MANAGER, as that 
terms is used in this document, shall be the U.S. Environmental Protection Agency On Scene 
Coordinator, or the On Scene Coordinator's designee. 

PROJECT WORK DESCRIPTION 

ITEM 1.0: PREPARE BULKHEAD LOCATION AND BYPASS PIPE 

Preparation of the Bulkhead Location includes construction of the upstream cofferdams, installation 
of the bypass pipe, and cleanup, scaling and preparation of the bulkhead location, all in 
accordance with these specifications, and drawings as follows: 

•Plate 1. Longitudinal Cross Section of Forms, Steel Beam Supports and Contact Grout Holes, 
•Plate 2. Plan View of Bulkhead Forms with Steel Beam Supports, 
•Plate 3. Air Side Form Face, 
•Plate 4. Air Side #9 Rebar Cage Plus Contact Grout Holes 

Muck working areas of Red and Bonita Mine 

The first 300 feet of the main Red and Bonita crosscut heading and the first 25 feet of the 275-drift 
must be mucked-out (Figure 2). The floor of the mine has accumulated metal hydroxide 
precipitates and silt deposits to a thickness of up to three feet. The CONTRACTOR will muck 
these deposits into the 300-plus gallon per minute mine discharge such that the deposits will flow 
out of the mine as a slurry, which will be routed to a water treatment system and retention ponds 
that will be operated by others. The CONTRACTOR must coordinate mucking operations with the 
operator of the water treatment system such that the system is not overwhelmed and the discharge 
from the ponds is adequately clarified as determined by the PROJECT MANAGER. 
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Install Injection Pipe 

The CONTRACTOR will provide and install a 3/4-in. Schedule 80 PVC or HOPE injection pipe 
from the upstream end of the bulkhead to easternmost safely accessible location in the north 

the Red and Bonita Mine shown on Figure 2. The heading of injection pipe will have threaded 
connections and will be carried by hangers spaced every ten-feet installed in the back (roof) of the 
adit. The hangers will be installed into holes drilled into the mine roof and secured with epoxy or 
compression fittings. The injection pipe will be clamped to the hangers. At the bulkhead location, 
a stainless steel "Y" connection will be threaded to the injection pipe and will eventually be 
threaded to the 3/4-in. Schedule 80 water sampling and pressure measurement stainless steel 
pipe shown on the Plates. The other port on the "Y" connector will be fitted with a stainless steel 
check valve rated to 600 psi minimum that will prevent backflow through the check valve during 
fluid injection operations and force injected fluid into the injection pipe. When injection is not 
occurring, the check valve will remain open to allow pressure reading and water sampling of the 
mine pool at the water side of the bulkhead. Approximately 700-feet of injection pipe will be 
required, with sufficient hangers, clamps, angles and fittings to route the pipe to the east end of 
the adit. 

Construct Two Upstream Cofferdams 

The upstream end of the bulkhead will be sited as close to the intersection of the main crosscut 
heading and the 275-drift as possible. Construct upstream concrete or plastic sheeting covered 
sandbag cofferdams in the main crosscut beyond Station 2+ 75, and in the 275-drift, at locations 
chosen by the CONTRACTOR. The cofferdams will have a height at least 3-ft. above the existing 
adit floor. Water passing under, around or through the cofferdams must be eliminated in order to 
facilitate construction and concrete filling of the bulkhead form. Include a 8-in. nominal inside 
diameter, Schedule 40, type 316-stainless steel bypass pipe penetration through the cofferdam 
centered approximately 1-ft. 6-in. above the tunnel rock invert (floor), a minimum of 1-ft. 6-in. below 
the top of the cofferdam, and extending at least 1-ft. into the upstream pond. The pipe inlet will be 
protected from blockage by a fully-enclosed screened metal trash rack or perforated plastic pipe 
connected to the bypass pipe that rises at least 2-ft. above the top of the cofferdam. 

Install Bypass Pipe 

The entire length of the construction bypass pipe from cofferdam inlets to the downstream outlet 
shall be completed using flanged connections throughout, before starting construction of the 
bulkhead forms. A "Y" connector will be required to combine the pipes from each coffer dam into 
a single pipe through the bulkhead location. Clearing the broken rock ballast below the bypass 
pipe alignment through the bulkhead construction area is required so that the entire length of, 8-in. 
nominal inside diameter (10), Schedule 40, type 316-stainless steel pipe, stainless steel fittings 
and fixtures through the bulkhead and the 8-in. stainless steel gate valve can be supported from 
solid rock at approximately 5-ft. intervals along the pipe. Steel rebar chairs or solid concrete 
blocks are to be utilized for pipe support within the bulkhead and stabilized by wire ties to resin 
anchored eyebolts embedded approximately 1-ft. into the floor and adjacent rib. All bypass pipe 
tie-downs must be able to resist uplift force generated during concrete placement in bulkhead 
forms. If the pipe supports or wire ties within the bulkhead are disturbed during construction of the 
bulkhead forms they shall be reinstalled before the final bulkhead form inspection and filling. 

A temporary 8-in. diameter steel, wrought iron, HOPE or other downstream (air side) water 
diversion pipe must be completed, connected and functioning to bypass the flow of acid mine 
drainage before starting work on the bulkhead forms. See plans and sections noted above. The 
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length of the water diversion tail-pipe must extend to a discharge location outside the adit portal 
selected by the PROJECT MANAGER. The permanent connection between the stainless steel 
pipe and gate valve shall include Teflon tape, or other thread sealant. 

The 8-in. stainless steel pipe through the bulkhead will include two (2) 14.5-in. by 14.5-in. square, 
1/2-in. thick stainless steel thrust plate/water-stops that have been continuously fillet welded, on 
both sides of the plates, around the bypass pipe 4-ft. and 11-ft. inside the bulkhead from the water 
side (upstream) bulkhead form. The 8-in. stainless steel gate valve should be centered 
approximately 2-ft. from the air side (downstream) face of the concrete bulkhead. 

Prepare Rock Surfaces in Bulkhead Location 

Scale loose rock from the roof and walls, exposing fresh, clean and sound rock. The mine rails, if 
present and all broken rock ballast and ties will be removed from the floor in the bulkhead 
construction area, in the vicinity of Station 2+ 75. Solid rock will be exposed by scaling, prying up 
loose rock, and washing the floor and ribs clean to permit measuring the maximum tunnel height 
and width through the length of the bulkhead location. Four drill holes into the ribs of the ad it (2-in. 
diameter, 12-feet long) must be grouted full with Type V neat cement grout at a minimum pressure 
of 90 psi. 

Bulkhead Surface-Profiling 

After scaling and washing are completed and loose rock, ballast, ties, and rail are removed, the 
bulkhead area will be inspected, measured and profiled in reference to tunnel centerline on 0.5 -ft. 
stationing. The profiling is to verify that the bulkhead design parameters remain valid, and to verify 
measurement for payment of Concrete placement. The rock surface irregularity along a parallel 
marked string-line shall be profiled along each tunnel rib, the back (roof) and the floor on 0.5 -ft. 
stationing. The PROJECT MANAGER shall inspect the rock surfaces for geologic structures and 
weaknesses that could compromise the design. A copy of the completed bulkhead surface profile 
shall be provided to the PROJECT MANAGER. 

ITEM 2.0: CONSTRUCT UPSTREAM BULKHEAD FORM 

Construct the upstream (waterside) bulkhead form. No. 1 grade Douglas Fir, or equivalent, is 
required for the timber lagging, post and sill supports. This form design is based on designs that 
have previously proven successful. 

Construction of the upstream bulkhead shall be in accordance with these specifications, and 
drawings as follows: 

•Plate 1. Longitudinal Cross Section of Forms, Steel Beam Supports and Contact Grout Holes, 
•Plate 2. Plan View of Bulkhead Forms with Steel Beam Supports, 
•Plate 3. Air Side Form Face, 
•Plate 4. Air Side #9 Rebar Cage Plus Contact Grout Holes 

The contractor may alter the construction sequence or specifications for the form work Q.!J.!y_with 
prior approval of the PROJECT MANAGER, providing a demonstration to the PROJECT 
MANAGER's satisfaction that the integrity of the final reinforced concrete bulkhead is not 
compromised. 
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The upstream bulkhead form construction sequence is as follows: 

2.1 Cut a roughly level slot perpendicular to the tunnel axis, directly across the floor for the 
approximately 9-ft. long W 4x13 steel sill beam. Smooth irregularities in the slot using 
concrete grout as necessary. The sill beam will be cut in the field to assure that both ends 
of the beam are in close proximity, less than 1-in., of the tunnel wall on each end, assuring 
that the base of the outer 8-in. x 8-in. posts (or the four 2-in. x 10-in. composite posts) will 
bear against one flange of the W 4x13 beam. This is essential because the sill beam will 
align the three 8-in. x 8-in. posts across the tunnel on the water side form. The central 8-in. 
x 8-in. post shall be no more than 2-ft. 11-1/2-in. apart, center-to-center or 2-ft. 4-in. skin­
to-skin. The recommended minimum center-to-center distance between the central post 
and one of the side posts is 2-ft. 7-1/2-in. or 2-ft. 0-in. skin-to-skin. This minimum spacing 
permits minimal access through the bulkhead form to the cofferdam, if required. The 
maximum 2-ft. 4-in. skin-to-skin distance between posts is, controlled by the strength of the 
3 x 10-in. nominal (2-1/2 x 9-1/4-in. dressed) lagging. 

2.2 Two 1-3/8-in. or 1-1/2-in. diameter holes will be drilled at least 6-in. apart, directly in 
line in front of the beam, three foot deep into the floor rock at each end of the beam. The 
holes will contain Grade 75 #8 resin-grouted threadbar dowels. The threadbar dowels are 
to project at least 3-in. upward through holes cut through the 6-in. leg of an at least 1-ft. 
long L 6x4x1/2 angle bracket. Threadbar nuts with washers will be attached and tightened 
to restrain the beam during filling of the form. The locations are as close as reasonable to 
the ends of the beam, as indicated on attached plates. 

2.3 Stand the central 8-in. x 8-in. roof-to-floor post vertically near the tunnel centerline. 
Stand the two outside posts to minimize the distance the 3-in. x 10-in. lagging is 
cantilevered beyond the outside posts and as close as reasonably possible, but not more 
than 6-in.. The outside posts can be tilted to reduce the cantilevered distance, but only to 
the extent that the open span between the central post and the outside post does not 
anywhere exceed 2-ft. 4-in. 

Hitches are to be cut into the back and floor for all posts to provide relatively flat bearing 
surfaces. Wedges will be used as needed to further tighten the posts. Bolt a 9-in. long 6-
in. x 4-in. angle iron (L6x4x1/2) to the roof on the upstream side and against the top of 
each 8-in. x 8-in. post with one #8 fully resin-grouted threadbar un-tensioned dowels 
embedded at least 3-ft. into holes into the roof. Threadbar nuts with washers will be 
attached and tightened to restrain the post during filling of the form. See the attached 
plates. 

2.4 Position the center of a cut-to-fit approximately 6-ft. long W 6x20 beam 2-ft. up from 
the floor of the tunnel and across the upstream face of the three 8-in. x 8-in. or the 
composite 4 each 2 x 1 0-in. posts. This is indicated on attached plates. Securely fasten 
the beam to all three posts, possibly with a lag screw anchored plate or bracket. Two 8-in. 
long L6x4x1/2 angle-iron will be fillet welded to beam, before the beam is taken into the 
tunnel, to stiffen the central post. If it is possible to determine the positions of the outer 
posts before moving the beam into the tunnel similar angles should be fillet welded to also 
brace the outer posts. These short angles are indicated on the attached plates. 

2.5 Position the center of a similar cut-to-fit approximately 6-ft. long W 6x20 beam 4-ft. 6-
in. up from the floor of the tunnel and across the upstream face of the three 8-in. x 8-in. or 
the composite 4 each 2 x 10-in. posts. This is indicated on attached plates. Securely 
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fasten the beam to all three posts, possibly with a lag screw anchored plate or bracket. 
Two 8-in. long L6x4x1/2 angle-iron will be fillet welded to beam, before the beam is taken 
into the tunnel, to stiffen the central post. If it is possible to determine the positions of the 
outer posts before moving the beam into the tunnel similar angles should be fillet welded to 
also brace the outer posts. These short angles are indicated on the attached plates. 

2.6 Position the top of the third cut-to-fit 6-ft. long W 6x20 beam 6-ft. 9-in. up from the floor 
of the tunnel and across the upstream face of the three 8-in. x 8-in. or the composite 4 
each 2 x 1 0-in. posts. This is indicated on the attached plates. Securely fasten the beam 
to all three posts, possibly with a lag screw anchored plate or bracket. Two 8-in. long 
L6x4x1/2 angle-iron will be fillet welded to beam, before the beam is taken into the tunnel, 
to stiffen the central post. If it is possible to determine the positions of the outer posts 
before moving the beam into the tunnel similar angles should be fillet welded to also brace 
the outer posts. These short angles are indicated on the attached plates. 

2.7 Tunnel rib brackets, roughly 1-ft. 2-in. long L6x4x1/2 angle iron, anchored with two fully 
resin-grouted Grade 75 threadbar bolts in 1-3/8-in. or 1-1/2-in. diameter holes drilled 4-ft. 
deep and approximately 7-1/2-in. apart into the ribs at positions centered approximately 2-
in. above and 2-in. below both ribside ends of the three W 6x20 beams. The rib brackets 
will also be centered approximately 2-ft., 4-ft. and 6-ft. above the floor. The irregularity of 
the tunnel ribs will necessitate individually installing the angle iron rib brackets. The 
attached plates indicate the bracket and locations. The #8 resin-grouted threadbar bolts 
are to project upward at least 3-in. through holes cut through the 6-in. leg of a L 6x4x1/2 
angle bracket. Threadbar nuts with washers will be attached and tightened to support the 
design loading on the beam ends during filling of the form. 

2.8 Bolt an approximately 8-in. long 6-in. x 4-in. angle iron (L6x4x1/2) to the roof on the 
upstream side and against the top of each 8-in. x 8-in. post with one #8 fully resin-grouted 
threadbar dowel embedded at least 3-ft. into a hole drilled in the roof. Threadbar nuts with 
washers will be attached and tightened to restrain the post during filling of the form. See 
attached plates. 

2.9 The PROJECT MANAGER will make a final inspection of the waterside cofferdam, 
bypass pipe, W 4x13 sill beam, posts, W 6x20 bulkhead support beams, bolting and angle 
iron brackets will be inspected and must be approved before proceeding. 

2.10 Place individual3-in. x 12-in. nominal (2-1/2-in. x 11-1/4-in. dressed) or 2-in. x 4-in. 
(1-1/2-in. x 3-1/2-in. dressed) boards laid flat as lagging (form planks) from tunnel rib to 
tunnel rib, completely across the tunnel and against the 8-in. x 8-in. post supports, starting 
at the floor. The lagging boards are to be individually cut to fit the ribside profile. The 
lagging is to be stacked skin-to-skin on top of each other from the floor to the roof. The 
lowest and uppermost pieces of lagging will have to be cut to fit the floor and back profiles. 
The uppermost piece of lagging will require additional restraint between the posts by the #8 
resin-grouted threadbar bolt brackets, indicated on the attached plates. 

Wherever it is not possible to span the tunnel width with a single piece of lagging the 
lagging pieces will be butted together at the center of one of the central post. Lag 
bolt or nail each continuous piece of 3-in. x 12-in. lagging to at least two posts. Wherever 
possible wedges are to be driven between the ends of each piece of 3-in. x 12-in. lagging 
and the adjacent tunnel ribsides from the water side, before the next piece of lagging is cut 
to fit, placed, and fastened. If 2-in. x 4-in. lagging is employed the individual boards will 
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have to be nailed to the underlying board and the stack fastened to the central posts 
approximately every 12-in. Wedges are to be driven from the water side wherever gaps 
develop between the boards and the adjacent rock to tighten and support the cantilevered 
ends. 

The pieces of lagging that contain the 8-in. nominaiiD (4.500-in. OD) Schedule 40 
stainless steel bypass pipe will have to be cut or slotted to fit as closely as possible around 
the bypass pipe, caulked and reinforced as necessary. Similarly, the lagging penetration 
for the upstream portion of the 3/4-in. nominaiiD (1.050-in. OD) Schedule 40 water 
sampling and pressure measurement stainless steel pipe through the water side bulkhead 
needs to be drilled or cut, caulked and reinforced as necessary. The 3/4-in. pipe is to be 
positioned no closer than 2-ft. from either tunnel rib and at least 3.5-ft. up from the floor. 
The 3/4-in. pipe can contain two, at most, threaded union connections within the bulkhead 
provided these permanent connections include Teflon tape, or other thread sealant. 

Drive or inject caulking material continuously between the lagging and the rock around the 
perimeter of the bulkhead form and the tunnel rock. Before the last of the lagging is placed 
between the central posts the final inspection of the cofferdam and bypass water inlet 
through the access opening must be performed. After that inspection, close the access 
opening. 

2.11 Provide and install vibrating wire piezometer, cabling and data logger. 
CONTRACTOR will provide and install rst Instruments model PPA0094, 5.0 MPa 
piezometer, 300-FT. of armored cable, and model DT2055B ten-channel data logger as 
directed by the PROJECT MANAGER. Armored cable is required. Information on the rst 
Instruments equipment is included as Appendix D. Equivalent equipment from alternative 
manufacturers is acceptable if approved by the PROJECT MANAGER. 

The piezometer will be hung on the water side of the bulkhead form and cable strung 
through the bulkhead location such that it will not be damaged during pouring of the 
concrete bulkhead. The cable will then be run on existing or newly installed hangers to the 
adit portal, and connected to the data logger installed in a secure location designated by 
the PROJECT MANAGER. 

2.12 Nail the 1/2-in. thick plywood, or particle board, against the inner form face of the 
lagging (form planks). The plywood, or particle board, will have to be cut to fit the tunnel 
roof, ribs and floor perimeter profiles and around the bypass and water sampling and 
pressure measurement pipes. 

Drive or inject caulking material into open spaces and continuously between the plywood, 
or particle board, and the rock around the perimeter of the tunnel. 

2.13 Install DeNeeftube as described in Item 10.1. 

2.14 Erect the two-way, shrinkage and temperature, 12-in. center-to-center, waterside, #6 
rebar cage, with minimum 3.5-in. and maximum 9-in. clearance from the plywood form face, 
for eventual concrete cover as long-term protection against potential sulfate attack. 

2.15 Stockpile the #9 steel reinforcing bars, 1/2-in. plywood or particle board and 3-in. x 12-
in. or 2-in. x 4-in. lagging for the air side bulkhead form and the 3/4-in. Schedule 40 
stainless water sampling and pressure measurement pipe sections necessary to complete 
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the water sampling and pressure measurement pipe in the bulkhead construction area 
before proceeding with construction of the air side bulkhead form. 

ITEM 3.0: CONSTRUCT DOWNSTREAM BULKHEAD FORM 

Construct the downstream (air side) bulkhead form. No. 1 grade Douglas Fir, or equivalent, is 
required for the timber lagging, post and sill supports. This form design is based on designs that 
have previously proven successful. 

The downstream bulkhead form is nearly a mirror image of the upstream form. The construction 
sequence for ITEM 3.0 principally repeats ITEM 2.0 as set forth above. The same drawings 
as referenced in Item 2.0 above shall govern this section of the work. There are certain differences 
in the form and rebar cage construction as shown on the drawings, and in construction procedures 
as described in this section as follows: 

3.1 It will not be possible to close the access opening through the two central posts into 
the bulkhead until: 

a) The lagging, except for the access opening, is erected, wedged tight from the air 
side and caulked to the adjacent rock, 

b) The air side lagging is fitted, caulked and reinforced around the 8-in. bypass pipe 
and the air side water sampling and the 3/4-in. water sampling and pressure measurement 
pipe penetration are made through the lagging. 

c) The plywood or particle board is nailed to the lagging outside the access opening 
with a penetration hole for the 3/4-in. water sampling and pressure measurement pipe and 
the pipe sections then connected and inserted through the form, caulked and reinforced, 

d) The concrete form release compound is applied to the plywood or particle board 
outside the access opening, 

e) The two-way #9 rebar cage is erected, on 9-in. spacing, center-to-center, with 
minimum 3.5-in. and maximum 9-in. of clearance from the plywood form face, as long-term 
protection against potential sulfate attack, outside the access opening area, 

f) The vertical #9 rebars in front of the access opening are tied to the lowest 
horizontal bar and temporarily tied to the vertical bars alongside the access opening, 

g) The horizontal #9 bars, that will eventually be positioned in front of the access 
opening, will be hung from the uppermost horizontal bar, that has been carefully tied into all 
crossing vertical bars, so that the other two or three bars can be lowered into their final 
positions and tied into the cage from outside the access opening, 

h) The PROJECT MANAGER's final inspection of the interior of the bulkhead to verify 
that the bulkhead forms, rebar cages, and pipes have been constructed as designed and 
the rebar cages and pipes are placed, supported and tied down as specified and 

i) A final wet vacuum cleaning of the bulkhead floor has been completed immediately 
before starting to fill the bulkhead form. 
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3.2 NOTE: Pulling and lowering the rebar into position in front of the access opening and 
closing the access opening between the two central posts by inserting the lowest piece of 
precut lagging, complete with the plywood and form releasing compound, can only begin 
when the concrete filling of the form approaches that level of the lowest open lagging 
position. This delay is necessary in case there is a breakdown of some kind requiring entry 
into the bulkhead form. 

ITEM 4.0 INSTALL AND REMOVE CONCRETE PUMPING AND CONVEYANCE SYSTEM 

The bulkhead concrete will be pumped from the base of the mine waste rock dump through a slick­
line. The contractor shall furnish and install a concrete pumping and conveyance system that is 
sufficient and capable of handing the pressures and pumping dynamics associated with the 
physical project constraints and the project requirements. The pump must be capable of pumping 
the mix at a sufficient pressure to completely fill the bulkhead forms. The pumping and conveyance 
system must be sized, configured and installed to prevent blockages (i.e. through appropriate line 
sizing and pre-screening concrete ahead of the pump), and allow fast and easy cleanout of 
blockages if they occur. 

After the concrete is placed into the bulkhead forms, the Contractor shall remove the temporary 
conveyance system including removal of all piping and hoses. 

ITEM 5.0 PROVIDE AND PLACE CONCRETE INTO BULKHEAD FORM 

The CONTRACTOR shall fill the bulkhead form as a monolithic, single pour by continuously 
pumping the form full with approximately 27-cu.yd. of 4,000psi concrete. The profiling completed 
under Item 1.0 will be the basis for calculating the actual cubic yard volume for concrete required. 

The CONTRACTOR must use the concrete mix design in Appendix A for 4,000 psi, self 
compacting concrete (SCC), or equivalent as approved by the PROJECT MANAGER. Portland­
cement used in the mix shall be type V Sulfate resistant cement. Additionally, Xypex Admix 
C-1000 or equivalent shall be added to the mix design as concrete waterproofing. Xypex 
shall be added to the mix design per manufacturer's specifications included in Appendix C. 

It is critical that the concrete be placed to prevent honey combing. It is also critical that the 
bulkhead be completed in a single, continuous concrete pour, but if the concrete filling process is 
interrupted for more than 6 hours, the Contractor must prepare a construction (cold) joint before 
resuming concrete filling by: 

a) Entering the bulkhead and using a plywood support, move roughly to the center of the 
form, 

b) Shoveling an approximately 1-ft. deep trench across the surface of the fresh concrete 
and 

c) Applying a bonding agent to the surface of the fresh concrete (such as ThoRoc's "Epoxy 
adhesive 24LPL"). 
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ITEM 6.0 CONCRETE TESTING 

A set of three 6-in diameter by 12-in long cylindrical test samples are to be collected from each 5 
cubic yards of concrete pumped to the bulkhead location. Sampling may occur at the concrete 
trucks, and is not required at the bulkhead location. 

Approximately 6 sets of three samples each are to be collected. The concrete test samples are to 
be prepared in accordance with ASTM Designation C 31/C 31M-98, Standard Practice for Making 
and Curing Concrete Test Specimens in the Field. The 6-in diameter by 12-in long test specimens 
will be molded and rodded in plastic molds, marked for identification, placed in heavyweight plastic 
bags and stored on a level surface in the tunnel near the bulkhead location. After 7 days, two 
samples from each set will be transported in carefully packed boxes to a testing lab for final curing 
in a moist room. One test sample from each set will be tested for the seven-day compressive 
strength and the other for the 28-day compressive strength. The final sample from each set for the 
second 28-day test will remain underground in a safe location as near to the bulkhead location as 
possible. After 28 days they will be transported to the testing lab for the final set of test beaks. 

ITEM 7.0 CONTACT GROUTING 

If the PROJECT MANAGER approves the 7 -day mean concrete compression strength test results 
as equal or exceeding 3,000psi, the upper 4-ft. of the downstream bulkhead form can be stripped 
to provide access for drilling and contact grouting. 

ITEM 7.1 DRILL CONTACT GROUT HOLES 

Once approval of the minimum 3,400 psi, 28-day compressive strength is received from the 
PROJECT MANAGER, the CONTRACTOR can establish the Contact Grouting operations. 
Drilling equipment and supplies are set up at the downstream bulkhead location. The upper 4-ft. 
of the downstream bulkhead form can be stripped to provide access for drilling and contact 
grouting. Hole size chosen must be compatible with the contractor's packer size and grouting 
equipment. Jackleg drilling may be used to advance the contact grout holes. Drilling must be done 
wet; water for drilling can be supplied by a jack-tank arrangement. 

Drilling Logs 

Contractor must log contact-grout drill holes on a pre-printed drilling log form, which must include 
the date the hole was drilled, the number or designation of the hole, the total depth drilled, and the 
position of the concrete-bedrock contact in the drill hole. Copies of contact grout hole drilling logs 
shall be provided to the PROJECT MANAGER. 

Drilling Procedure 

Drill one or more of the three longer concrete/bedrock contact grout holes toward known high 
locations in the ad it roof area (as established by profiling in Item 1.0 above), between 
approximately 7.5-ft. and 14-ft. from the downstream bulkhead face, as directed by the PROJECT 
MANAGER. Otherwise follow the pattern shown on the attached plates. The length of these grout 
holes must be sufficient to penetrate about 6-in. into the rock, as indicated by a decrease in the 
drilling advance rate and by a change in the color of the circulation water and cuttings. NOTE: THE 
POSITION OF THE CONCRETE-BEDROCK CONTACT MUST BE RECORDED ON THE DRILL 
LOG FOR ALL HOLES. These longer holes must be grouted first. 
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Following grouting of the longer holes, drill the four shorter concrete/rock contact grout holes 
toward high locations in the granite roof area between approximately 1-ft. and 7.5-ft. from the 
downstream bulkhead face, if any are known from the profiling conducted in Item 3.0. The length 
of these grout holes must be sufficient to penetrate about 6-in. into the rock, as indicated by a 
decrease in the drilling advance rate and by a change in the color of the circulation water and 
cuttings. NOTE: THE POSITION OF THE CONCRETE-GNEISS CONTACT MUST BE 
RECORDED ON THE DRILL LOG FOR ALL HOLES. 

ITEM 7.2 ESTABLISH CONTACT GROUT OPERATIONS 

The contractor shall establish and conduct the Contact Grouting Program in conformance with 
these specifications, and generally accepted industry practice, as set forth by the Portland Cement 
Association Handbook, Cementitious Grouts and Grouting. Grout shall consist of a neat type-V 
cement grout. Mix water must be free of deleterious substances (mine discharge water is not 
permitted to be used for mixing grout). Water must be supplied from clean sources and pumped in 
from surface, or via at least two portable tanks that can be brought into the tunnel during grouting. 

Upon completion of the Contact grouting work, the Contractor shall remove all equipment and 
materials from the underground work area, including any un-used cement. 

Grouting Logs 

The Contractor must record all grouting activities on pre-printed grout logs approved beforehand 
by the PROJECT MANAGER The log must include the date, hole number, grout mix data (W:C 
ratio and density), injection pressure, grout take in cubic feet, and all other variables used to grout 
the hole. 

Grouting Equipment 

The Contractor must batch, mix, and inject cement grout at the bulkhead location. Neat cement 
grout may not be mixed and batched at surface or pumped through the slick line installed under 
Item 4.0. A high-shear colloidal mixer unit specifically designed for batching and mixing neat­
cement grouts is required (e.g. ChemGrout CG-600/BCF/A, CG-620/A or equivalent specification 
coloidal unit). Pumping units may be positive displacement piston-type or progressive-cavity 
(Moyno) type (e.g. Chem Grout CG-600/BCF/A, CG-030, CG-L4A etc.) The unit must supply grout 
to a maximum pressure of 450 psi. (www.chemgrout.com) 

A re-circulating-type grout delivery manifold system is required. The manifold and valve system 
must allow for continuous recirculation of grout back to the grout holding tank. Pressure to the 
hole being grouted is controlled by closing/opening the return-circulation valve. Suitable 
diaphragm-protected pressure gauges with appropriate dial scales are required, and headers on 
the mechanical packers at each hole must be equipped with a gauge and shut-off or holding valve 
that will maintain grout pressure in the hole when the delivery manifold is disconnected. 

ITEM 7.3 PROVIDE AND INJECT CONTACT GROUT 

The PROJECT MANAGER must be present during all grout-injection work. The Contractor must 
record all grouting activities on pre-printed grout logs, format of which is approved beforehand by 
the PROJECT MANAGER The log must include the date, hole number, grout mix data (W:C ratio 
and density), injection pressure, grout take, and all other variables used to grout the hole. 
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Grout Mix Design and Density Measurement 

Grout shall consist of a neat Type-V cement grout (Type-V cement and water). Cement must be 
Type-V sulfate resistant. Mix water must be free of deleterious substances (mine discharge water 
is not permitted to be used for mixing grout). Water must be supplied from clean sources and 
pumped in from surface, or via at least two portable tanks that can be brought into the tunnel 
during grouting. 

The injected mix shall have a water-cement ratio of 2:1 by weight. Depending on take and 
pressure, the contractor's mixing and pumping equipment must be capable of varying the water­
cement ratio from 0.6:1 to 3:1 as directed by the PROJECT MANAGER. Admixtures that control 
bleed, improve flowability, reduce water content, and retard set may be used in the grout, subject 
to review and acceptance by the PROJECT MANAGER. 

Grout specific gravity and density must be measured per ASTM C 109 or API RP-13B-1, at a 
frequency of no less than one test per-batch conducted prior to injection, and recorded on grouting 
logs. The Baroid Mud Balance used in accordance with API RP-13B-1 is an approved device for 
determining grout density. 

Grouting Procedure 

A mechanical or inflatable packer compatible with the hole size used in Item 7.1 above is to be set 
at least 6 inches outboard of the concrete/bedrock contact and roughly halfway up the grout hole. 
Grout injection pressure should reach at least 90 psi, but not more than 450 psi. The minimum 
grout pressure is to be maintained for three minutes or until three bags (3-cubic feet) of grout have 
been injected, or whenever grout returns from an adjacent grout hole. 

If the grout take in one hole reaches three cubic feet without reaching the minimum 90 psi injection 
pressure, grouting is to be stopped, the packer pressure released, the packer removed and the 
grout allowed to reach initial set for 8 hours. The CONTRACTOR will make an immediate written 
record of the grout take after each grouting cycle for each hole. 

If grout refusal occurs, or when the minimum grout pressure is reached and held for three minutes, 
the hole is to be grouted full and not re-grouted. If other grout holes have been drilled they can be 
grouted during the initial set time. After initial set in each grouted hole, the packer will be reset at 
the face of the bulkhead and the remainder of the hole filled with grout using a vent-tube return 
through the packer. 

A hole that had greater than 3 cubic feet of take will be re-drilled and the grouting process 
repeated after the initial grout set, as directed by the PROJECT MANAGER. The set time can be 
shortened provided the measured tunnel temperature indicates that this is reasonable, and the 
PROJECT MANAGER concurs. The grout holes will be re-drilled and re-grouted until the 
minimum grout pressure can be maintained for three minutes. 

ITEM 8.0 DENEEF TUBE GROUTING 

In addition to contact grouting, DeNeef tubes will be installed and grouted to reduce any additional 
leakage along the concrete/bedrock contact. CONTRACTOR must use DeNeef products or 
approved equivalent as described below and included in Appendix B. Consultation with the 
manufacturer's representative is required. A site inspection by the manufacturer's representative 
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may be required by the PROJECT MANAGER. DeNeef tube grouting shall not take place until all 
contact grout operations have been completed. 

ITEM 8.1 SUPPLY AND INSTALL DENEEF TUBE 

CONTRACTOR must supply and install 1/2-in. DeNeef lnjecto® tube per manufactures guidance 
and recommendations. The tube must be continuously tight against the rock. Two complete rings 
shall be installed along the adit perimeter at locations established by the PROJECT MANAGER. 
Grout tube must be installed prior to completing the downstream bulkhead form, and must be 
attached to the rock perimeter per manufacture's specification. The injection point for each ring 
shall penetrate the form work at the edge of the form. 

ITEM 8.2 PROVIDE AND INJECT DENEEF GROUT 

Following certification by the PROJECT MANAGER that all 28-day concrete breaks have met 
design compressive strength, DeNeef grout tubes shall be grouted. Contractor must supply and 
inject DeNeef lnjecto® PURe grout and Flex Cat PURe or alternate grout product recommended 
by the manufacturer and approved by the PROJECT MANAGER. Grout shall be injected into both 
grout tube rings to reduce or eliminate any seepage along the concrete/bedrock contact. Grout 
and catalyst shall be mixed and injected in accordance with manufacturer's recommendations. 
Manufacturer's mix recommendations of 1% catalyst to resin shall be adhered to. 

CONTRACTOR shall supply and setup all equipment required to inject the grout tubes. Grout tube 
injection pressures must reach a minimum of 90 psi, but shall not exceed 450 psi. 

ITEM 9.0 STRIP FORMS AND INSTALL VALVE AND PRESSURE GAUGE EQUIPMENT 

After completion of the contact grouting program, permanent protective supports will be placed 
under and around the valve manifold for its protection. The remainder of the downstream (air side) 
form will be also be stripped, and all the removed materials taken outside for proper disposal 
during project de-mobilization. A stainless steel globe valve rated to 600 psi will be permanently 
attached to the threaded end of the 3/4-in. water sampling and pressure measurement pipe. 
Provide and install a stainless steel analog pressure gauge with a psi range of 0-600, 20 psi major 
graduations, and 2 psi minor graduations. All pipe and valve connections will be made using 
Teflon tape, or other thread sealant. All fittings, pipe, and valves are schedule-40 stainless steel. 

PROJECT OBSERVATION 

The PROJECT MANAGER will be at the project site periodically to monitor construction activities 
and ensure that each work item is completed and constructed to design specifications. It is the 
Contractor's responsibility to schedule inspections with the PROJECT MANAGER so as not to 
delay the work. The following items must be observed and approved by the PROJECT MANAGER 
before proceeding with the next step of the work: 

Item/Task 

ITEM 1.0 

INSPECTION ITEM 

Prepared bulkhead area will be inspected, measured and profiled. Profile 
provided to the PROJECT MANAGER. 
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ITEM 2.0 

ITEM 3.0 

ITEM 5.0 

ITEM 6.0 

ITEM 7.0 

ITEM 8.0 

The PROJECT MANAGER will make a final inspection of the cofferdams, 
bypass pipe, bulkhead sill, posts, bracing, bolting and angle iron brackets 
and this must be approved before placing the last of the lagging, closing the 
water side access opening. 

The PROJECT MANAGER must perform final inspection of the interior of the 
bulkhead to verify that the bulkhead forms, rebar cages, and pipes have 
been constructed as designed and the rebar cages and pipes are placed, 
supported and tied down as specified, and a final wet vacuum cleaning of 
the bulkhead floor has been completed immediately before starting to fill the 
bulkhead with concrete. 

The PROJECT MANAGER will make a final inspection of the waterside 
cofferdam, bypass pipe, W4x13 sill beam, posts, W6x20 bulkhead support 
beams, bolting and angle iron brackets will be inspected and must be 
approved before closing the waterside access opening. 

The PROJECT MANAGER's final inspection of the interior of the bulkhead to 
verify that the bulkhead forms, rebar cages, and pipes have been 
constructed as designed and the rebar cages and pipes are placed, 
supported and tied down as specified, and a final wet vacuum cleaning of 
the bulkhead floor has been completed immediately before starting to fill the 
bulkhead form. 

The PROJECT MANAGER must be present during all concrete placement 
into the Bulkhead forms. 

After all the seven day test results have been received from the lab, the gate 
valve can be closed and the temporary air side (downstream) bypass pipe 
can be disconnected, provided the mean 7-day concrete compression 
strength test results exceed 3,000 psi and if approved by the PROJECT 
MANAGER. 

The PROJECT MANAGER must be present during all grout injection work. 
Grout holes can be re-drilled and the grouting process repeated after the 
initial set time as directed by the PROJECT MANAGER. The set time can 
be shortened provided the measured tunnel temperature indicates that is 
reasonable, and the PROJECT MANAGER concurs. Drilling and Grouting 
Logs must be provided to the PROJECT MANAGER. 

The PROJECT MANAGER must be present during all DeNeef grout tube 
injection. 
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Figure 2: Red and Bonita Mine Map 
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APPENDIX A 
CONCRETE MIX SPECIFICATION 
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APPENDIX B 
DE NEEF GROUT INFORMATION 
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APPENDIX C 
XYPEX CONCRETE ADMIXTURE INFORMATION 
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APPENDIX D 
RST INSTRUMENTS INFORMATION 
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